METHOD OF FORMING FERROELECTRIC FILM 



Japanese Patent Application No. 2003-71953, filed on March 17, 2003, is hereby 
incorporated by reference in its entirety. 

BACKGROUND OF THE INVENTION 

The present invention relates to a method of forming a ferroelectric film using a 
metalorganic chemical vapor deposition method. 

In recent years, as a technology of forming a ferroelectric film which is expected 
to be applied to a ferroelectric memory and a piezoelectric device, a deposition 
technology using a metalorganic chemical vapor deposition (MOCVD) method used in 
the crystal growth technology of compoimd semiconductors has attracted attention in 
order to improve mass production capability. 

However, in the case of depositing a complex oxide of lead zirconate titanete 
(PZT) family on a Pt metal film used as an electrode material, since the crystal lattice 
matching between the complex oxide of PZT family and the Pt metal film is poor, it is 
difficult to obtain a ferroelectric film having an excellent crystallization state by using a 
conventional deposition technology using the MOCVD method. In the case of 
depositing a complex oxide of PZT family by using the MOCVD method, the complex 
oxide of PZT family is generally deposited by supplying material gases for all the 
constituent elements at the same time. In the case of depositing a complex oxide of 
PZT family on a Pt metal film, a technology of forming a TiOx fihn between the Pt 
metal film and the PZT complex oxide crystal as a buffer layer by supplying only a Ti 
material and an oxidizing gas has been proposed in order to reduce the above-described 
lattice mismatch. However, since the orientation of the crysted of the TiOx film may 
adversely affect the orientation of the PZT complex oxide crystal, a technology which 
can replace this technology has been demanded. 
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BRIEF SUMMARY OF THE INVENTION 
The present invention may provide a method of forming a ferroelectric fihn 
capable of providing a ferroelectric film including a PZT complex oxide with excellent 
5 crystal quality on a Pt metal film. 

According to one aspect of the present invention, there is provided a method of 
forming a ferroelectric film including a complex oxide of lead zirconate titanate (PZT) 
family on a metal film formed of platinum (Pt) by using a metalorganic chemical vapor 
deposition method, the method comprising: 
10 starting supply of lead (Pb) to form an alloy film of Pb and Pt on the metal film; 

starting supply of titanium (Ti) to form initial crystal nuclei of a lead titanate 
(PbTiOa) on the alloy film; and 

starting supply of zirconiimi (Zr) to form a crystal grown layer of the complex 
oxide of PZT family on the initial crystal nuclei. 

15 

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING 

FIG 1 is a diagram schematically showing an MOCVD device used in one 
embodiment of the present invention. 

FIGS. 2A to 2D are cross-sectional views showing steps of forming a 
20 ferroelectric film according to one embodiment of the present invention. 

FIG 3 is a diagram illxistrative of material supply timing and temperature raising 
history in an MOCVD device. 

FIG 4 shows observation results for surface morphology of a ferroelectric film 
according to one embodiment of the present invention. 
25 FIG 5 is a graph showing hysteresis characteristics of a ferroelectric film 

according to one embodiment of the present invention. 

FIGS. 6A to 6C are cross-sectional views showing steps of manufacturing a 
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ferroelectric memory to which the steps in the method of forming a ferroelectric film 
according to one embodiment of the present invention are applied. 

DETAILED DESCRIPTION OF THE EMBODIMENT 
5 According to one embodiment of the present invention, there is provided a 

method of forming a ferroelectric film including a complex oxide of lead zirconate 
titanate (PZT) family on a metal film formed of platinum (Ft) by using a metalorganic 
chemical vapor dq>osition method, the method comprising: 

starting supply of lead (Pb) to form an alloy film of Pb and Pt on the metal film; 
10 starting supply of titanium (Ti) to form initial crystal nuclei of a lead titanate 

(PbTiOa) on the alloy film; and 

starting supply of zirconium (Zr) to form a crystal grown layer of the complex 
oxide of PZT family on the initial crystal nuclei. 

According to this method, an alloy film of Pb and Pt is formed on a metal film 
15 including Pt by using Pb which is one of elements of a complex oxide of PZT family. 
Since the alloy film has a lattice constant which easily allows lattice matching with a Pt 
film and PZT complex oxide, a strain of PZT complex oxide crystal formed on the alloy 
film caused by lattice mismatch can be reduced, whereby the interfacial state, which is 
one of the factors determining the fatigue characteristics of a ferroelectric film, can be 
20 improved. After forming the alloy film, the initial crystal nuclei of the PbTiOa 
complex oxide are formed on the alloy film by supplying Ti. It is known that the 
crystallization temperature of a PZT complex oxide becomes higher as the composition 
ratio of Zr is increased. Therefore, crystal with excellent quality can be obtained in a 
comparatively low temperature using PbTiOa which does not include Zr. In the 
25 method of forming a ferroelectric film according to this embodiment, the crystallization 
temperature of a PZT complex oxide can be reduced by reducing crystallization eneigy 
by utilizing the initial crystal nuclei of PbHOs when forming the PZT complex oxide. 
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Therefore, a ferroelectric film including a PZT complex oxide crystal having an 
excellent interfacial state with the Pt film and excellent quaUty can be obtained at a low 
crystallization temperature. 

This method of forming a ferroelectric film may have the following featiu-es. 
5 (A) The alloy film may be formed in an inert gas atmosphere; and supply of an 

oxidizing gas may be started together with the supply of Ti. This makes it possible to 
effectively reduce oxidation of Pb, which easily bonds to oxygen and scatters into the 
atmosphere, in the step of forming the alloy film. 

(B) The alloy film may be formed at 400®C or less. This makes it possible to 
10 eflfectively reduce scattering of Pb which easily vaporizes in a comparatively low 

temperature into the atmosphere in the step of forming the alloy film. 

(C) The initial crystal nuclei may be formed in an island pattern. PbTiOa has a 
mechanical strength lower than that of the PZT complex oxide. The crystal grown 
layer of the PZT complex oxide is formed to cover the initial crystal nuclei by 

15 dispersing the initial crystal nuclei in an island pattern, so that the reliability of the 
ferroelectric film in mechanical strength can be improved. 

Embodiment of the present invention is described below in more detail with 
reference to the drawings. 

20 1 . Forming device 

FIG 1 is a view schematically showing a metalorganic chemical vapor 
deposition (MOCVD) device used for a method of forming a ferroelectric film 
according to the present embodiment. 

An MOCVD device 100 includes a reaction chamber 10 and first to third 
25 material chambers 21, 22, and 23. Heaters 40 for controlling the temperature of a 
substrate SO inside the reaction chamber 10 are provided around the reaction chamber 
10. The first to third material chambers 21 , 22, and 23 are connected with the reaction 
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chamber 10 through a material supply line 31. The MOCVD device 100 is formed so 
that the flow rate of gas supplied to the reaction chamber 10 can be controlled by 
supplying argon (Ar) gas as a carrier gas to the reaction chamber 10 through a first gas 
supply line 32. An inert gas may be used as the carrier gas. Nitrogen (N2) gas and 
5 the like can be given as examples of the carrier gas in addition to the argon gas. The 
MOCVD device 100 is formed so that oxygen (O2) gas as an oxidizing gas for forming 
a complex oxide of PZT family can be supplied to the reaction chamber 10 through a 
second gas supply line 33. N2O gas or the like may be used as the oxidizing gas in 
addition to oxygen gas. 

10 The material chamber 21 is charged with a lead (Pb) material 21a. As 

examples of the Pb material 21a, an alkyl-lead compoimd such as Pb(C2H5)4, 
p-diketone-lead complex, and the like can be given. 

The material chamber 22 is charged with a zirconium (Zr) material 22a. As 
examples of the Zr material 22a, an alkoxide such as Zr(t-C4H90)4 and the like can be 

15 given. 

The material chamber 23 is charged with a titanium (Ti) material 23a. As 
examples of the Ti material 23a, TiCU, an alkoxide such as Ti(i-C3H70)4, and the like 
can be given. 

20 2. PZT ferroelectric film 

FIGS. 2A to 2D are cross-sectional views schematically showing steps of 
forming a ferroelectric film of PZT fanwly according to the present embodiment. 

In this method, a given substrate 50 on which a Pt metal film 60 is formed by 
sputtering or the like is provided as shown in FIG 2A, and placed in the reaction 
25 chamber 10 of the MOCVD device 100 shown in FIG 1. As the substrate 50, a 
substrate such as a semiconductor substrate or a resin substrate may optionally be 
employed without specific limitations depending on the application of the ferroelectric 
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film. 

In the MOCVD device 100, the Pb material 21a is supplied to the reaction 
chamber 10 together with Ar gas as the carrier gas, as shown in a section A in FIG 3, to 
form a PbPts alloy film 61 , which is the alloy of Pt and Pb, on the Pt metal film 60, as 
5 shown in FIG 2B. The atmosphere inside the reaction chamber 10 is preferably an 
inert gas atmosphere containing no O2 gas as the oxidizing gas. The reason therefor is 
as follows. Since Pb easily bonds to oxygen, if the oxygen partial pressure in the 
atmosphere is high, Pb deposited on the Pt metal film 60 bonds to oxygen and scatters 
into the atmosphere. Specifically, in this method, Pb which makes up the alloy film 61 

10 can be prevented fi-om being released to the atmosphere by performing the step of 
forming the alloy film 61 in a non-oxidizing atmosphere formed by an inert gas such as 
Ar gas or N2 gas. In this method, the heaters 40 are controlled so that the temperature 
of the substrate 50 is preferably 400°C or less, and still more preferably about 150°C. 
Since Pb easily vaporizes in a comparatively low temperature region, it is also 

15 important to prevent Pb fi*om scattering in the step of forming the alloy film 61 firom the 
viewpoint of temperature. 

As shown in a section B in FIG 3, the Ti material 22a and O2 gas as the 
oxidizing gas are supplied to form initial crystal nuclei 71 of a PbTiOs complex oxide 
on the alloy film 61, as shown in FIG 2C. The initial crystal nuclei 71 are preferably 

20 formed on the alloy film 61 in an island pattern. PbTiOs can reduce the crystallization 
temperature of the PZT complex oxide. However, PbTiOs has a mechanical strength 
lower than that of the PZT complex oxide. In this method, since a crystal grown layer 
72 of the PZT complex oxide is formed to cover the initial crystal nuclei 71 by 
dispersing the initial crystal nuclei 71 in an island pattern, reliability of the ferroelectric 

25 film can be improved fi-om the viewpoint of mechanical strength. 

The Zr material 23a is supplied as shown in a section C in FIG 3 to form the 
crystal grown layer 72 of a Pb (Zr,Ti)03 complex oxide on the initial crystal nuclei 71 
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as shown in FIG 2D, whereby a PZT ferroelectric fihn can be obtained. 

As described above, according to the method of forming a ferroelectric fihn of 
the present embodiment, since the alloy film 61 has a lattice constant which easily 
allows lattice matching with the Pt metal film 60 and the PZT complex oxide, a strain of 
5 the PZT complex oxide crystal formed on the alloy film 61 caused by lattice mismatch 
can be reduced, whereby the interfacial state, which is one of the factors that determine 
the fatigue characteristics of the ferroelectric film, can be improved. In the method of 
forming a ferroelectric film of the present embodiment, since the crystallization energy 
can be reduced by utilizing the initial crystal nuclei 71 of PbTiOa when forming the 

10 crystal grown layer 72 of the PZT complex oxide, the crystallization temperature of the 
PZT complex oxide can be reduced. Therefore, a ferroelectric film including the 
crystal grown layer 72 of the PZT complex oxide having an excellent interfacial state 
and excellent crystal quality can be formed on the Pt metal film 60 at a low 
crystallization temperature by using this method of the present embodiment. 

15 A PbZro.3Tio.7O3 (PZT) film with a thickness of 150 nm was formed by using the 

MOCVD method using the method of forming a ferroelectric film of the present 
embodiment according to the above-described deposition steps. As a result, the PZT 
film was confirmed to have excellent surface morphology as shown in FIG 4 and 
excellent hysteresis characteristics as shown in FIG 5. The hysteresis characteristics 

20 were measured after forming a Pt upper electrode with a diameter of 100 ^m and a 
thickness of 1 00 nm on the PZT film. 

The method of forming a ferroelectric film of the present embodiment may be 
applied to a method of manufacturing a ferroelectric memory or a piezoelectric device 
using the ferroelectric film. An example in which the method of forming a 

25 ferroelectric film of the present embodiment is applied to the method of manufacturing 
a ferroelectric memory is described below. 
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3. Application to method of manufactiiring ferroelectric memory 

FIGS. 6A to 6C are cross-sectional views schematically showing an example of 
manufacturing steps of a ferroelectric memory according to this example. 

In this example, as shown in FIG 6A, the PbPts alloy film 61, the PbTiOa initial 
5 crystal nuclei 71, and the PZT crystal grown layer 72 are formed in that order on the 
substrate 50, on which the Pt metal jfilm 60 as a lower electrode of a ferroelectric 
capacitor 80 is formed, by using the above-described method of forming a ferroelectric 
film. A Pt metal film 62 as an upper electrode of the ferroelectric capacitor 80 is 
formed on the PZT crystal grown layer 72. As the substrate 50, a semiconductor 

10 substrate 5 1 on which a cell select transistor 56 is formed may be used, as shown in FIG 
6 A. The transistor 56 may include a source/drain 53, a gate oxide fihn 54, and a gate 
electrode 55. A stack structure may be employed in which a plug electrode 57 is 
formed of tungsten or the like on one of the source/drains 53 of the transistor 56 so as to 
be connected with the Pt metal film 60 as the lower electrode of the ferroelectric 

15 capacitor 80. In the substrate 50, the transistors 56 are separated in cell units by an 
element isolation region 52. A first interlayer dielectric 58 may be formed of an oxide 
film or the like on the transistor 56. 

In this example, as shown in FIG 6B, the ferroelectric capacitor 80 is patterned 
into a desired size and shape. As shown in FIG 6C, a hydrogen barrier film 91 is 

20 formed to cover the ferroelectric capacitor 80, and a second interlayer dielectric 92 is 
formed. Metal intercoimect layers 93 and 94 for connecting the ferroelectric capacitor 
80 and the transistor 56 with the outside through through-holes formed in the second 
interlayer dielectric 92 are formed to obtain a ferroelectric memory. According to the 
steps in this example, since a PZT ferroelectric film having an excellent crystal qxiality 

25 is formed, a ferroelectric memory with excellent characteristics can be realized. 

This example illustrates the steps of forming a so-called ITIC type ferroelectric 
memory. The method of forming a ferroelectric film of the present embodiment may 
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also be applied to steps of manufacturing ferroelectric memories using various cell 
structures such as 2T2C type and simple matrix type (cross-point type). 

The preferred embodiment of the present invention is described above. 
However, the present invention is not limited to the above-described embodiment. The 
5 present invention may be embodied in various modified forms within the scope of the 
present invention. 
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